This is a case of superficial siderosis of the central nervous system (SSCN). The diagnosis of SSCN was based on the result of T2-weighted magnetic resonance imaging and on suggestive clinical manifestations. The puretone audiogram showed bilateral progressive sensorineural hearing loss with a poor speech discrimination score and Jerger type IV. The remarkable elevation of the detective threshold of cochlear microphonics on electrocochleography was found and distortion product otoacoustic emission (DPOAE) showed no response: These electrophysiologic examinations, including electrocochleography and DPOAE, revealed that the progressive sensorineural hearing loss in this case was caused by both retrocochlear and cochlear damages.
Introduction
Superficial siderosis of the central nervous system (SSCN) has been thought to be a rare fatal disorder, with fewer than 100 cases described to date [1] . This rarely encountered disease first described by Noetzel [2] is characterized by deposition of hemosiderin on the surface of the brain, cerebellum, brain stem, cranial nerves and spinal cord. SSCN may be manifested as a progressive sensorineural hearing loss (SNHL), cerebellar dysfunction, pyramidal tract signs, or mental retardation [1, [3] [4] [5] . Since the eighth cranial nerve is invariably darkly pigmented and atrophied histopathologically in comparison with the adjacent facial nerve [6] , SNHL is thought to be caused by retrocochlear abnormalities [1] . In the present study, a case of SSCN, the progressive SNHL of which was revealed by electrophysiologic examinations including electrocochleography (ECoG) and distortion product otoacoustic emission (DPOAE), was found to be caused by retrocochlear damage with possible cochlear damage.
Case Report
A 55-year-old woman presented to the Department of Otolaryngology, Nagasaki University School of Medicine, in January 1995 complaining of bilateral progressive hearing loss of approximately 4 years' duration. She had also suffered from unsteadiness of gait for about 2 years and slight dysarthria for about half a year. There was no history of head injury, hypertension, or tuberculosis except for suspected subarachnoid hemorrhage 30 years previously and diabetes mellitus controlled by diet. The tympanic membranes appeared normal, but the pure-tone audiogram showed moderate to mild bilateral SNHL with a poor speech discrimination score (SDS, 30% in the right ear and 40% in the left) and Jerger type IV. Romberg's test was negative. The patient's performance on the step test with her eyes Fig. 1 . Pure-tone audiogram of the present case demonstrating progressive bilateral sensorineural hearing loss. Fig. 2 . Axial T2-weighted MRI demonstrating a hypointense rim of hemosiderin deposition surrounding the brain stem (black arrowheads) and cerebellar folia (white arrowheads).
closed indicated ataxia, but results were normal when her eyes were open. Gaze-evoked, positional and positioning nystagmus were not observed. Finger-nose and heel-knee tests revealed slight bilateral ataxia. SNHL in this case was progressive as shown in figure 1 . In November 1996, therefore, the patient was referred for magnetic resonance imaging (MRI), which revelaed marginal hypointensity of the brain stem, cerebellum, and eighth cranial nerves on the T2-weighted image consistent with a diagnosis of SSCN ( fig. 2 ). On ECoG of the right ear with an intratympanic needle electrode (March 1997) ( fig. 3 ), the detective thresholds of cochlear microphonics (CM) were 80 dB normal hearing level at 1.0 kHz and 70 dB normal hearing level at 4.0 kHz. This indicated a 30-to 70-dB elevation of the detective threshold of CM, as the average threshold and standard deviation of normal subjects is 10.0 B 5.8 dB normal hearing level for 1.0 kHz CM, and 36.7 B 7.45 dB normal hearing level for 4.0 kHz CM at our institute [7] . DPOAE of both her ears (February 1998) ( fig. 4 ) revealed no responses in any frequency areas. These findings indicated that cochlear damage was possibly involved in the SNHL in this patient. On neuro-otologic examination in May 1999, Romberg's test was positive and the step test with eyes closed indicated severe ataxia. Oculomotor test showed saccadic pursuit and optokinetic nystagmus were normal. The caloric test with 20 ml of ice water and the computed galvanic body sway test [8] showed no response bilaterally. At present, in spite of her poor SDS (23% in both ears), she can communicate well by using lip reading and by wearing a linear hearing aid in her right ear and a nonlinear hearing aid in her left ear.
Discussion
SSCN is characterized by the intra-and extracellular deposition of hemosiderin on the surface of the brain, cerebellum, brain stem, cranial nerves and spinal cord. It is caused by recurrent bleeding into the subarachnoid space, although the source of bleeding was found in only 54% of the reported cases [1, 4, 9] . Clinically, SSCN patients present with progressive SNHL and cerebellar ataxia. In more advanced cases, there may also be findings of dementia, anosmia, sphincter dysfunction and dizziness.
Prior to the advent of MRI, the diagnosis of SSCN was entertained in patients with appropriate clinical manifestations who produced xanthochromic cerebrospinal fluid (CSF) on several lumbar punctures [10] and was confirmed only at autopsy. However, with the advent of MRI, it is possible to confirm the diagnosis of SSCN in patients with suggestive clinical manifestations and xanthochromic CSF specimens [11, 12] .
Pathologic findings include a characteristic light-brown staining of the diffusely thickened and fibrotic leptomeninges [10] . Iron deposition is seen primarily in areas bathed by circulating CSF, as would be expected if such deposition were caused by diffusion of blood pigment into the marginal zones of the central nervous system from sites of chronic subarachnoid bleeding [2, 10] . The eighth cranial nerve, which retains its glial sheath up to the internal auditory canal, is therefore heavily impregnated with hemosiderin in comparison with the adjacent facial nerve. Accompanying this deposition of hemosiderin is a characteristic ovoid body, neuroaxonal dystrophy, gliosis, and demyelinization, which give rise to the clinical symptoms of SNHL and vestibular insufficiency. Recently, it has been proven by immunohistochemical staining that the selective siderosis of the cerebellum and the eighth cranial nerve is attributable to the biosynthesis of ferritin in the microglia of these tissues [6] . Unfortunately, to our knowledge, there is no histopathologic report of the temporal bone in SSCN.
The neuro-otologic examination revealed signs of bilateral vestibular nerve damage and cerebellar ataxia in the present case. These findings seemed to be caused by the deposition of hemosiderin on the vestibular nerve and the cerebellum. Békésy audiometry and speech discrimination test indicated that SNHL was caused by retrocochlear damage. Moreover, the detective threshold of CM in the present case was remarkably elevated. From the results of this elevation of detective threshold of CM and no response on DPOAE [13] , it may be assumed that the SNHL in the present case was also caused by cochlear damage.
If cochlear damage was present in SSCN, it could be speculated that similar histopathologic findings of the cochlea should be shown as demonstrated by subarachnoid hemorrhage, i.e., detection of blood not only in the subarachnoid spaces of the internal auditory canal but also in the scala tympani, the subepithelial layers of the saccular macula and the posterior semicircular canal crista [14] . It may also be conjectured that the degeneration with deposition of hemosiderin exists in the cochlea as in the eighth cranial nerve. Accordingly, further MRI studies and electrophysiologic examinations focused on the cochlea and histopathological study of the temporal bone should be done to clarify the pathology of the cochlea in this disease.
The management of a patient with hearing loss concomitant with SSCN includes hearing aids and cochlear implantation [15] , and will include brainstem implantation in the future. However, these interventions may yield little benefit since the disease processes involve the surface of the brain, and possibly the cochlear nucleus, the temporal lobe cortex, the eighth cranial nerve and the cochlea.
Conclusion
SSCN is a rare fatal disorder characterized by progressive SNHL and ataxia. The diagnosis of this disease was previously obtained only at autopsy, but now, with the advent of MRI, the diagnosis can be made radiographically with a high degree of sensitivity and specificity. In the present case, electrophysiologic examinations, including ECoG and DPOAE, revealed that progressive SNHL was caused mainly by retrocochlear damage with possible cochlear damage. To date, there have been no reports on evaluation by both ECoG and DPOAE for SSCN, so the present findings have revealed new information on the etiology of SNHL in a patient with SSCN.
